Abstract. Construction organizations strive to increase their competitiveness by reducing the project costs especially labor cost. Optimizing labor productivity will ensure value for money. In the face of no guidelines available for local construction industry, research must be directed to benchmark construction labor productivity in building projects of Pakistan. Based on a thorough review of established productivity assessment methods, Activity Analysis is performed on five local semi high-rise building projects. Statistical analysis is carried out to identify labor productivity trends in seven standard areas. Further, sensitivity analysis is carried out to characterize the positive and negative influencers. It is revealed that labor spends a little more than one-third of working time in direct and support activities each, and one-quarter in delay activities. Furthermore, delay and support activities are correlated with direct work. Direct work is observed at its peak during midday hours, and lowest during the start and end of workday. The study is an original effort in benchmarking the labor productivity in construction projects of Pakistan. Based on the findings, productivity improvement strategies are proposed from which projects can benefit in the form of optimized costs and schedules. Results are of relevance towards understanding the labor productivity in developing countries.
Introduction
Competition in construction industry is increasing globally. In such a resource-constrained and profitoriented competitive environment, the costs are optimally decreased in order to increase the market competitiveness. Therefore, it is a common objective of all the construction companies to offer better value against minimum cost [1, 2] . On-site labor costs are among the most profit-influencing factors [3] . To reduce them, it is important to improve the labor productivity by identifying and addressing the areas of high and low productivity [4] . This will not only offer strategic advantages to the construction firms, and add to the overall performance management and monitoring but will also highlight the potential areas of improvement to achieve overall organizational goals resulting into optimized cost and better resource management.
According to Rowlinson and Procter [5] , labor productivity is the average direct labor hours required to install a unit of material. Hannula [6] describes it as the ratio of total output to total input. Low productivity is a point of concern for construction organizations due to its adverse effects on overall project success in terms of time and cost performance [7] . The significance of controlling labor cost is built into its overall contribution to the project cost. It normally ranges between 33% to 50% of total project cost [8] . Having such a significant financial influence, the management of labor productivity becomes even more critical. Thus, it is important to get optimum productivity in order to maximize the profit. To make matters even more challenging, the measurement of labor productivity is another critical issue faced by the industry. In the management literature, it is established that what cannot be measured, cannot be managed [9] . This further stresses the point of having a concrete measurement system for assessing labor productivity. But there is no standard method for measuring labor productivity in the construction industry mainly due to the involvement of complex operations and relationships [10] . The non-availability of reliable data increases the degree of complexity. Furthermore, the challenges of effectiveness of project and quality management, and the technological innovations add to its stochasticity [11] .
Labor productivity is a dynamic entity, affected by many elements, and associated with performance of time, cost and quality [12, 13] . Owing to its substantial impact on overall project success, there is a strong need to assess the performance of labor in order to address the productivity issues. Due to nonstandardization of assessment methods, this performance may be measured and reported in several ways such as calculation of direct productivity unit rates, percent rework and activity levels [11] . Technology has also played its role in facilitating the project managers in productivity assessment [14] . Recently, the use of artificial intelligence is getting popularity in labor productivity measurement [15] . It is intuitive that each method measures the work in separate ways and serves as a good metric for understanding actual labor performance.
Activity Analysis, a refined form of work sampling and activity levels, is another useful method developed by Construction Industry Institute (CII). It includes significantly more detailed observations that are typically broken down into seven standard categories: direct work, preparatory work and instructions, tools and equipment, material handling, waiting, traveling, and personal activities [16] . For maximum productivity, it is important that labors spend more time in doing the direct work such as installing materials. Similarly, some indirect activities like planning, travelling, waiting and personal also impact the overall productivity [11] . So it is necessary to give due considerations to all time consuming direct and indirect activities. This may lead to better understanding of real work percentages, quantification of changes and implementing improvements to increase the direct work [17] .
Pakistan, being a developing country, is facing serious issues regarding project management in terms of its success and effective implementation in general, and cost and time overruns in particular [18] . The major reasons for underperformance of local industry are law and order situation, design changes, lack of funds, untrained labor, inexperienced workforce and inadequate management tools and techniques [19] [20] [21] [22] . The local inclination towards traditional management practices makes it less innovative, change resistant and extensively labor dependent. Thus, optimum utilization of labor becomes a necessity for achieving the project and corporate goals. Therefore, to address these critical issues, labor productivity assessment and associated management practices need to be explored and responded accordingly. The lack of previous research on this core management area calls for localized assessment of construction projects in terms of their labor productivity.
This research focuses on the assessment and benchmarking of labor productivity by monitoring crew time utilization during working hours for construction projects in Pakistan. For this purpose, the labor productivity of different semi high-rise building construction projects is assessed using Activity Analysis.
Further the data is quantified using the time expended by labor on productive and non-productive activities. Finally, sensitivity analysis is performed in order to establish a relation between different activity parameters.
Literature Review
Productivity assessment in the construction industry has been a challenging task since long owing to the involvement of a large number of stochastic variables such as labor intensive work, unique character and uncertainties [23, 24] . This has given rise to diverse definitions of the term. According to Bernolak [25] , productivity means "how much and how good we produce from the resources used". Enshassi et al. [26] defines productivity as "how one entity uses its resources to produce outputs from inputs". These definitions generally refer to productivity as a comparison of input and output [27] . Inputs are usually measured in dollars, labor-hours, material, tools and equipment usage whereas outputs are deliverables that contribute to project completion in units of cubic meters of concrete placed, tons of steel erected, length of pipe welded, etc.
Since the labor is acknowledged as the most important factor of production as it creates value and sets the general level of production, labor productivity has been identified as an index for measuring work efficiency [28] . The cost of equipment and material are usually ignored as they are prone to lesser variation in short term projects but the labor productivity varies considerably adding to managerial concerns [26] . Traditionally, labor productivity is interpreted using labor hours and physical output as shown in Eq. (1) [29] .
Due to availability of large amount of productivity assessment techniques, their standardization has raised concern for the practitioners [30] . It can be argued that lack of standardization should not necessarily hamper successful management of labor productivity. However, it surely adds into the managerial decision making while selecting the most optimum technique keeping in view the project constraints and organizational capacity [31] . The pertinent proposed techniques of labor productivity measurement broadly fall under two spectrums: continuous and intermittent, which are observed at three distinct levels of task, project and industry [32] . Thomas and Završki [33] developed a theoretical model for the assessment of construction labor productivity which was criticized due to lack of objectivity [34] . In order to answer this limitation, researchers have stressed the importance of standardized productivity data, if not the technique [35] .
Improving productivity is a major concern for any profit-oriented organization, as it provides effective and efficient conversion of resources into marketable products, and determines business profitability [36, 37] . Owing to the lack of standardized productivity data in construction industry, management and desired improvements become a tough ask. In a typical construction project, two primary purposes of measuring productivity are to control cost and schedule, and to obtain data for planning the future projects [38, 39] . There are several metrics that describe productivity, the most used ones according to Gouett et al. [4] are factor productivity or unit rate (the ratio of labor, material and equipment costs to units of output); labor productivity (the ratio of work hours to units of output); and productivity factor (the ratio of schedule to actual work hours).
These metrics have been criticized because they are often calculated after substantial amount of time at receiving reports from work site [40] . When productivity is measured in this way, areas of low productivity are identified at a later stage and usually substantial damage has been done by then [4] . Though workface assessment techniques, like foreman-delay surveys and craftsman questionnaires, have been developed in an attempt to identify productivity issues immediately, neither of them quantifies all activity levels of a craft worker [41] . Another technique, called continuous observation, quantifies all activity levels but is seldom used due to the discomfort caused to craft workers.
In response to this concern, work sampling was applied in the construction industry to identify problem areas in a timely manner than the productivity metrics [42] . In this context, Choy and Ruwanpura [43] , McDonald and Zack [44] and McTague et al. [45] conducted the work sampling analyses, reiterated the findings and revealed that the composition of productive tool time on a construction site generally falls between 40% and 60% of the total work time. The studies also unearthed the individual activities that a worker spends his time on and concluded that a considerable amount of time is spent mostly on nonproductive activities, such as searching for material, idling and waiting for instructions. As a result, the construction and project management industries have already begun to experience an era of intensified research and development to handle the risks associated with construction [11, 22, 46, 47] .
Though work sampling is broadly accepted by experienced managers as an early indicator of productivity issues, it is not a perfect metric. For example, tool time spent on rework is not productive. The method itself is not broadly implemented by industry, because of lack of standard guideline on how to perform it and statistical validation of its effectiveness. Further, work sampling identifies productivity issues, but does not determine the root causes or provide improvement strategies [4] . To address this criticism, Activity Analysis was proposed as a constant improvement process to streamline productivity measurement. It offers a convincing solution for monitoring on-site operations and supports root cause analysis on the issues that adversely affect the productivity. Activity Analysis is defined as "a continuous process of measuring and improving the amount of time that craft workers spend on actual construction… referred as tool time, wrench time, or direct work time" [16] . It extends the work sampling technique into a continuous improvement process, and includes two parts: (1) workface assessment and (2) continuous improvement process. The workface assessment portion of Activity Analysis is the application of work sampling [48] . One of the primary differences between Activity Analysis and work sampling is that it includes significantly more detailed observations and results.
Activity Analysis consists of five steps. Firstly, the study is planned which entails defining the objectives and scope, as well as determining other pertinent details. Secondly, activity sampling is done in order to collect a representative data sample. Each discrete data sample or observation is categorized as direct work, preparatory work, tools and equipment, material handling, waiting, travel, or personal. Thirdly, collected data is analyzed and observations are tabulated to determine activity percentages. The resulting percentages are assessed to determine which types of activities are beyond the acceptable range. Fourthly, potential causes of unacceptable variances are identified and several potential solutions to improve productivity are considered. These improvements are based on a set of factors that include feasibility, logistics and costs. Lastly, the improvements selected in the planning stage are implemented to increase the direct work rate
Pakistan's construction industry is not fully developed and is facing problems like overruns in form of time and cost usually leading to project failures [18] . The in-depth analysis of these delays accentuated labor productivity as a key factor. In addition, poor salary, poor execution and planning, and inefficient equipment are highlighted as key factors contributing to lower labor productivity in road projects in Pakistan [49] . Building projects on the other hand are yet to be explored for labor productivity. Hence the current study targets this useful area of potential value addition to body of knowledge in local context. For this purpose, it makes use of the well-established technique of workface assessment in general and Activity Analysis in particular.
Further, the current study uses the concepts of sensitivity analysis for establishing the correlation between the work activities in accordance with Activity Analysis. Sensitivity analysis is a technique that is used to determine the behavior of a particular dependent variable in response to different values of an independent variable under a given set of assumptions within specified boundaries [50] . It has recently been used by Ökmen and Öztaş [51] in their study of risk based cost model.
Methodology
The current study revolves around the Activity Analysis for labor productivity computation in the context of Pakistan construction industry. For this purpose, five semi high-rise building construction projects have been explored for work activities by detailed data collection and analysis. The causes of low labor productivity areas are identified to assist mangers in planning and executing improvements. The overall activity rates of workers and the distribution of activity rates throughout a typical workday are determined and improvements are suggested.
Owing to its technical and procedural maturity, Activity Analysis has been selected as a prime candidate technique for this study. Following the methodology given by Gouett et al. [4] , various building activities were investigated. The standard questionnaires proposed in aforementioned study were modified for data collection. In order to attain reliable data, the authors personally recorded on-site observations.
The case study projects were selected based on the available resources, ease of access and suitability. Fulfilling these criteria, data is collected from five under construction projects which are located mainly in the federal (northern) region of Pakistan. All these projects are commercial semi high-rise buildings of similar nature and were more than 50% constructed during the data collection phase. Major ongoing activities observed in all these projects were block masonry, plastering, formwork, steel fixing and concrete pouring. Hence the Activity Analysis was mainly observed during these tasks regardless of the number of labor. The number of labors is however recorded and is aimed at conveying the quanta of work being performed. The least limit for number of labors was set at 400, thus all the reported projects have more labors than the set limit. Further, the observations were recorded on modified Gouett et al. [4] form as shown in Fig. 1 . Fig. 1 . Hourly activity analysis log.
From Fig. 1 , it can be noted that three rounds of observations were recorded for each project on hourly basis for more than 5 days. The authors randomly noted labors at different paths on site for each round by observing them, recording their activities into the standard mentioned categories and denoted it by a tally mark in the corresponding portion. Thus 3 rounds were repeated for each hour and the number of ticks at the end of the hours were recorded to display the number of labors corresponding to each category. The same exercise was repeated for all the hours of observations for more than 5 days and eventually summed up to reveal the total observations in accordance with the standard Activity Analysis procedure. Thus a handsome number of readings is documented and discussed in the result section. Further, according to Gouett et al. [4] the task type does not matter as the observation is restricted to the mentioned categories which are generalized and are common in all types of activities. Thus the focus is not on what the person is doing but rather on the specific category he is falling in at any instant of observation. However, as previously mentioned, the observations were restricted to the established types of block masonry, plastering, formwork, steel fixing and concrete pouring on all the projects. Thus the recorded observations are for the mentioned task types in light of the standard categories. The details of the selected projects are as shown in Table 1 . In order to respect the secrecy of the stakeholders and their confidentiality requirements, some of the project information, details of operation and data has been expurgated.
A comprehensive data collection has been performed to understand the pattern of workers spending their time during work day. Other information that can be physically observed at each project site was recorded to aid the data analysis and corresponding results. These observations include important information affecting the productivity on each project like working environment, types of craft mostly employed, weather conditions, labor skills and expertise, safety conditions, construction stage, ongoing activities, etc.
In next stage, keeping in view the desired statistical accuracy, the corresponding sample size, length of the study and workday, and the observation windows were determined. During observations, data was recorded for complete 8 working hours a day for more than 5 consecutive days. Detailed hourly observations at each construction site were ensured in order to increase data reliability. Determining an adequate sample size is critical to the significance of data collection for research [52] . As more samples are collected, the results become more accurate due to reduction of sampling error. However, there is a balance between statistical accuracy and the cost/effort to collect samples. In most industries an error of ± 5% at a confidence level of 95% is generally acceptable [29] . n ma z m m m d Instead of binomial, Activity Analysis is a multinomial approach because the characteristic being sampled is not the worker, but his behavior at any given time. Thus, multinomial distribution developed by Thompson [53] is used for determining the sample size as shown in Eq. (2). For a given confidence level, it is calculated at varying numbers of categories 'm' to find the maximum number of observations 'n' in the worst case scenario. For a 95% confidence level and error of d = 0.05, the result is m = 3 and n = 510 observations. This means that regardless of the number of labor, a total of 510 observations per study period are required to obtain a confidence greater than 95%. Typically, it is desirable to track activity levels for each 1-hour period in the workday, so an 8-hour workday will have 8 study periods, and the study would require a total of 4,080 observations. In accordance with these requirements, Table 2 summarizes the number of samples collected for every observation per hour of each project.
Results and Discussions
After data collection, the observations were divided into the previously mentioned seven categories as shown in Table 3 .
As evident from the observations, Project A has a very high direct work percentage due to the fact that in this project, in contrast to others, overall work activities were properly planned and supervised by competent professionals with high level of coordination with labors. It has already been established that better planning positively influences the productive work [54] . It is to be mentioned that tools and equipment, and material handling activities are much lower as compared to other counterparts paving the way for increased direct work time. Further, at this project, there were proper plans for both tools and materials in terms of availability, maintenance and monitoring. Similarly, materials were properly handled and placed near the working areas, reducing the unnecessary travel time. The safety of workers was also ensured, imparting the feeling of comfort to them leading to increase in direct work rate. In comparison, Project C experienced the lowest direct work rate because of more indirect activities, reducing the time cushion for direct work. Primary cause was the financial crisis in project due to which a large number of supervising staff was dismissed. Work was not effectively supervised resulting into wastage of time by labor in indirect activities.
Comparison of case studies with Project E reveals very high percentages of preparatory work and instructions, and travelling. This was mainly due to inexperienced labor, poorly organized project site and minimal coordination between site staff and labor. One of the primary causes was that majority of labors were hired from subcontractors who were inexperienced and site staff was not properly coordinating with them. Other reasons include the longer distance from working areas to site office. Further, necessary facilities like drinking water, toilet, etc., were not provided at working area leading to increased travelling.
To increase the direct work activity, all other activities should be minimized as witnessed in these case studies. Project A has highest direct work rate due to low value of other activities. Similarly, Project C experienced low direct work due to greater indirect activities. Hourly direct work for all the projects is reported in Table 4 providing insights into the direct work distribution per hour and can be used to highlight the hours of maximum and minimum productivity. As evident from Table 4 , in all projects, the direct work is lowest at the start of the day. It then increases over time until midday (11am-12pm) where it peaks and finally starts decreasing towards lunch break. After lunch, it again starts increasing until the second last hour and eventually starts decreasing in the last hour. Peak direct work rate is recorded during 11am-12pm hour and lowest direct rate is observed during 8am-9am. It should be noted that direct work activity is at maximum at the second last hour both before and after lunch as shown in Fig. 2 . It must be noted that the values presented in corresponding tables are not plain averages but are weighted averages taking into account the difference of observations for different projects at various time slots. For example, in Table 3 , the value of direct work for Project A is 41.1 as weighted average which if taken as plain average of the values in Table 4 comes out to be 41.3. This is done to incorporate the due share of different observations for various projects and time slots. It was recorded during the observations that generally people start their work late as depicted by the lower productivity in graph for first hour. Then an increasing trend is observed pointing to more direct work with passing time until the last hour before lunch. This depression in the graph points to the fact that people often start leaving the workplace for lunch 10-15 minutes before due time. Same trend is generally observed after lunch. Exclusive to Project A, there was a scheduled tea break of 15-20 minutes between 3-4 pm hence it depicts low direct work during this time. But this project shows an increasing trend in the last hour due to routine checks of everyday work at the closing time pushing the labors to complete their remaining work. In order to generalize the results and benchmark the labor productivity, results of all the observations on five construction projects are shown in Table 5 . Each number represents the characteristics of labor's working behavior as observed and categorized into seven activities, further summed into three main classes: direct, support and delay in accordance to CII. As presented in Table 6 , support activities share large percentage following direct work and delay activity with values 37.25%, 35.08% and 27.67% respectively. Primary activities were analyzed in details by exploring their secondary activities in which comprehensive investigation of recorded data was done and all the percentages of secondary activities were calculated accordingly. As per Table 6 , in support category, travelling shares the larger portion whereas in delay category, personal activities have the largest share. It can be observed that secondary activities holding larger percentage after direct work are personal, travelling and waiting. So, in order to increase the direct work, these activities should be controlled and streamlined. Further, other dependent activities should also be minimized as their reduction will eventually increase the direct work ultimately leading to increased labor productivity and enhanced project success.
It is intuitive that in order to increase the overall direct work rate, areas of lower productivity throughout the day should be avoided as much as possible. This can be done by proper planning and monitoring of overall work activities. Management should investigate into the fluctuating rate throughout the day and should take necessary action in order to minimize it using the methodology of this study. Further, it is recommended that site management should direct the labor to work in proper hours rather than starting the work late or leaving early from site.
To facilitate the managerial decision making while resolving on-site productivity issues, the tradeoff between direct work and personal time must be clearly understood. In order to find out relation between direct work activities with other activities, sensitivity analysis was performed using @RISK® software with all 54,850 observed data points. Firstly, an equation was derived using regression analysis function of MS Excel®. Following this equation, regression and correlation coefficients of each activity with direct work were calculated as shown in Table 7 . Table 7 , it can be observed that personal activity is sensitive to direct work with correlation and regression coefficients of 0.585 and 0.589 respectively. Waiting is the second activity which negatively affects the direct work with a correlation and regression values of 0.562 and 0.549. Whereas preparatory work and instructions, and tools and equipment activities are ranked third and fourth. Lastly, materials handling and travelling activities are ranked fifth and sixth respectively. It can be argued that a correlation of 0.585 is weak but comparatively it is the most influential among all the activities. The correlation was further analyzed by the application of ANOVA for any statistically significant differences. The p-values for the personal and waiting activities came out to be 0.13 and 0.21 respectively which satisfies p>0.05 thus making the difference "not significant". The p-values for all the categories, as shown in Table 8 , follow the same pattern and can be marked to have no significant difference thus statistically validate for considerable correlation. Personal, and preparatory work and instructions positively affect the direct work activity while waiting, and tools and equipment inversely affect it. From Table 7 , it can be inferred that when the workers are comfortable in doing their work, they will exert more efforts in their activities, enhancing the project [55] . It was observed that labors feel uncomfortable when project staff overly controls or restricts their personal activities (gossiping and having tea or smoke break). To this extent, after spending some time in personal activities, they concentrate effectively on direct activities. On the other hand, if their mind is preoccupied with unfriendly restrictions, they find it hard to concentrate effectively on their tasks. It is a commonly perceived notion in local projects that subcontracted labors who work on their own schedules with more liberty to set their work plans perform better. Not only they complete tasks in optimum time, a cost reduction is also realized due to reduced supervision expenses.
Instead of restricting personal activities, management should focus on areas of pilferage activities: late starts at beginning of work day, around lunch and early quits at the end of the day. Better planning and onsite supervision during these times should limit the number of craft purposely starting slowly, or waiting to clock-out. Also, increased sense of job satisfaction will positively drive the workers towards enhanced productivity.
Similarly, it is analyzed that with increased time in preparatory work and instructions, more direct work is carried out. Many times during construction, labors are unable to determine the job requirements usually due to lack of necessary instruction to perform the work. So, if more time is allocated to preparatory work, the increased understanding of job requirements and proper execution methods will ensure timely completion [7] . Further, the unnecessary tasks should be eliminated, while the essential activities may still be excessive depending upon their job related criticality. These include ergonomics, safety talks and stretching activities as they are crucial for maintaining a well-functioning and safe construction site [56] .
Talking about the negative relation, it is concluded that with more time in waiting, and tools and equipment activities, lesser direct work is achieved. When the labor is involved in waiting, though the time is essentially spent on project activities, the result is not so effective mainly due to poor activity planning. Due to this lack of planning, they are not actually performing the work but are waiting for someone to finish their job resulting in delayed work and queuing. In some instances, the waiting is unavoidable, like electricians waiting for a cable pull. Usually it is caused by poor planning and crew balance, and is therefore avoidable [57] . To improve the productivity, site management team should properly plan the work in order to minimize the labor waiting or use innovative and latest techniques like lean management [58, 59] .
Tools and equipment also follow a negative relation with direct work. It is observed that with more labor effort on tools and equipment activities, direct work will be reduced [60] . It is usually caused due to poor tool management at project site. So, it is suggested that site management should properly implement tool management program and ensure timely availability of tools and equipment. Furthermore, the results of assessment performed in the current study were shared with the field professionals working on the case study project to validate the observations. This fortifies the results of current study which, apart from benchmarking the labor productivity, identify holistic reasons for productivity loss on the case study projects.
Conclusions and Recommendations
Construction companies increase their profit and market competitiveness by controlling their costs. These include labor, material and overhead costs, of which labor varies the most. This ultimately sums into the variable labor productivity which must be kept in check to ensure project success. This research is mainly focused on assessment of labor productivity in semi high-rise commercial building projects in Pakistan based on the crew time utilization during working hours.
To measure the direct and indirect work time, the most relevant technique identified in literature, Activity Analysis, is used in the current study. Hence detailed analysis is carried out at five building projects. The activity rates of labors and their distribution over a typical workday are determined. The rates are analyzed to identify productivity factors which should be managed in order to improve the direct work rate. Further, sensitivity analysis is carried out to highlight the interdependencies of work activities. The case studies reveal that labor should be spending more time doing the direct work for maximum productivity.
Owing to the findings of sensitivity analysis, it is concluded that direct work is moderately correlated to delay and support work activities. But in the support activity, material handling and travelling are weakly correlated to direct work. It is established that personal and preparatory works positively influence the overall direct work, and waiting, and tools and equipment negatively influence it. Hence in order to maximize labor productivity, direct as well as support work activities should be efficiently managed. Further, planning, coordination and supervision are essential for increasing the effectiveness of employees and maintaining the required daily output level. Case studies reveal that the projects with better planning, monitoring and control, inarguably perform better in terms of direct work. Improving the productivity of entire project is not possible until everyone is committed to continuous improvement.
Analyzing the hourly direct work rate on all projects, it is found that this rate peaks during 11am to 12pm slot, and is minimum during the start and end of working day. Also, generally about 35% of working time is utilized in direct work, 37% in support work and 28% in delay work activities. Specifically, in terms of individual activities, about 17% time is utilized in personal activities which is the 2 nd highest proportion after direct work. Hence, the personal time must be properly managed in conjunction with direct work in order to ensure project success and achieve maximum productivity. Also to increase the direct work, it is recommended to hire experienced craft workers or provide proper trainings, plan good site layout, ensure availability of all required materials and tools, maintain site management presence, and plan the work task for timely execution. This will ensure maximum productivity in terms of more direct work and reduced undesired work.
The current research sets the baseline for construction labor productivity assessment in Pakistan. Owing to the lack of previous research on local labor productivity, it is an advancement in the currently localized body of knowledge and has high research implication for local institutions. The results have been shared with the local field professionals, who validated the identified reasons of low productivity. This study can be generalized for countries of similar characteristics and will be a useful addition to the local construction management community.
For future research, labor productivity should be continuously monitored throughout the life of a construction project for more in-depth analysis. The current study uses the workface assessment technique which can be further enhanced in future by not only increasing the number of projects but also using it in conjunction with other monitoring techniques to add value to the existing body of knowledge.
